Using the star formation rates from the SDSS galaxy sample and the empirical Kennicutt law relating star formation rate to gas density, we calculate the time evolution of the gas fraction as a function of the present stellar mass. We show how the gas to stars ratio evolves as a function of time, finding good agreement with previous results for smaller samples. We also show that there is a clear anti-correlation between present stellar mass and the lost gas fraction, which ranges from 10%-60%: galaxies with smaller stellar masses have lost a greater fraction of their gas than more massive galaxies. We provide a fitting formula for this efficiency. Our results also show that the most massive galaxies have evolved faster and lost their gas before the less massive ones, thus strongly supporting a downsizing scenario for galaxy evolution.
INTRODUCTION
In galaxies, the star formation rates are known to depend on the the cold (T < 200 K) gas masses via the well-known empirical Kennicutt (1998, hereafter K98) relation. According to this relation, the star formation rate surface densitẏ Σ * is proportional to a power of the gas surface density Σgas, according to the relationΣ * ∝ Σ k gas , with k ∼ 1.4. This relation expresses the natural condition that star formation is proportional to the amount of gas available, the more gas, the more star formation, and that galaxies dominated by young stellar populations have large reservoirs of gas, which can be turned into stars. On the other hand, gas poor galaxies have consumed their gas in the past and/or have ejected it into the inter galactic medium, and at the present time they do not experience any significant star formation event.
A fundamental quantity related to the gas accretion history of galaxies is the gas to stellar fraction (G/S). An important study of this quantity is the one of Kannappan (2004, hereinafter K04) , who determined the (G/S) for ∼ 35000 galaxies from the Sloan Digital Sky Survey (SDSS) and 2MASS databases on the basis of photometric techniques. A similar study on a smaller sample of low mass galaxies has been performed by Geha et al. (2006) .
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In the present paper, we start from the SDSS galaxy sample and by means of the K98 relation and other simple physical assumptions, we aim at computing the gas accretion history and the gas fractions of local galaxies from their recovered star formation and metallicity history. The sample we are considering includes ∼ 310000 galaxies, larger than the one considered by K04 by a factor of ∼ 9. The strength of our method is that it is based on very few free parameters, whose range of values can be tested very easily, allowing us to draw robust conclusions on some fundamental physical properties of galaxies and on their evolution with cosmic time. We study how the gas mass of these galaxies has varied throughout their evolution and compare our predictions with observational data available in the literature. We focus on the present-day gas fractions and study how these quantities depend on the galactic stellar mass, investigating how the 'downsizing' character of the galaxy populations affects their gas accretion history. The paper is organized as follows: in section 2, we present the galaxy sample and the MOPED algorithm used for the analysis. In section 3, we describe the methods used to derive the gas masses for the galaxies of the SDSS catalogue. In section 4, we presents our results and in section 4 we draw some conclusions. We assume a concordance cosmology with Ωm = 0.24, ΩΛ = 0.76 (Spergel et al. 2007 ) and h = 0.71. 
SDSS DR3 ANALYSIS WITH MOPED
Following Panter et al. (2007a) , we select galaxies from the third data release (DR3) main galaxy catalogue of the SDSS. In order to remove any bias and simplify our Vmax (where Vmax is the maximum volume of the survey in which the galaxy could be observed in the SDSS sample) criteria we have cut our sample at µr < 23.0. At low redshifts, a small number of Sloan galaxies are subject to shredding -where a nearby large galaxy is split by the target selection algorithm into several smaller sources. To eliminate this effect, for our analysis we consider galaxies with redshift 0.01 < z < 0.25. This also removes the problems of non Hubble-flow peculiar velocities giving erroneous distances based on redshift, which can have a significant effect on recovered stellar mass and metal return. The total number of galaxies that satisfy our cuts is 299571. In order to estimate the completeness of the survey we have used the ratio of target galaxies to those which have observed redshifts (P. Nordberg, Priv. Comm.). This does not allow for galaxies which are too close for the targetting algorithm, and we estimate this fraction at a 6% level from the discussion in Strauss et al. (2002) . As a result of both these cuts, our effective sky coverage is 2947 square degrees. We also removed from our analysis a set of wavelengths which may be affected by emission lines, not modelled by the stellar population codes. We use the 3Å single stellar population models of Bruzual & Charlot (2003) as the basis for this study, calculated with the Initial Mass Function (IMF) given in Chabrier (2003) , which is very successful at reproducing current observations in our galaxy. We chose to apply a uniform velocity dispersion of 170 kms −1 to the 3Å models, reflecting a typical value for the Main Galaxy Sample. Physical parameters of galaxies have been derived from their observed spectra by means of the MOPED algorithm (Heavens, Jimenez & Lahav 2000; Reichardt, Jimenez & Heavens 2001) . As with previous MOPED studies, for this analysis we have used a single foreground dust screen. We chose to use an LMC extinction law for the main analysis as given in Gordon et al. (2003) . As described in Panter et al. (2007a) , we allow 11 time bins in which the star formation rate (SFR) can vary independently. This allows a reasonable time resolution, whilst not being prohibitively slow to compute. Extensive testing (Panter, Heavens & Jimenez 2003) shows that for large samples the average star formation history is recovered with good accuracy. Nine bins are spaced with a ratio of log(lookback time) of 2.07 in this application of MOPED, plus a pair of high-redshift bins to improve resolution at z > 1. This leads to a set of bins whose central ages correspond to lookback times of 0. 0139, 0.0288, 0.0596, 0.123, 0.256, 0.529, 1.01, 2.27, 4.70, 8.50 and 12.0 Gyr. Singlevalue deomposition analysis of SDSS spectra, as suggested by Ocvirk et al (2006) , indicates that only 2-5 components can be reliably recovered, not 11, but MOPED in fact recovers ≤ 5 significant components in 98% of cases (Tojeiro et al 2007) . The gas which forms stars in each time bin is also allowed to have a metallicity which can vary independently. The Bruzual & Charlot (2003) models allow metallicities between 0.02 < (Z/Z⊙) < 1.5. In order to investigate metallicity evolution (Panter et al. 2007b , in prep) no regularization or other constraint is applied to the metallicity of the populations -each different age can have whatever metallicity fits best. Further information on the MOPED algorithm is contained in Panter (2005) .
DERIVATION OF THE GAS MASSES
The MOPED algorithm allows us to determine the star formation history of each galaxy, i.e. the star formation rate values at the end of the 11 timebins described above. At each timestep, we aim at determining the cold gas mass of any galaxy on the basis of its SFR, by inverting the K98 relation, which links the gas surface density to the SFR per unit area. Following K98, for any galaxy and each time, the gas surface density Σgas, expressed in M⊙ pc −2 , depends on the SFR surface densityΣ * , expressed in M⊙ yr
according to:
( 1) The MOPED catalogue provides the deprojected SFRs in units of M⊙/yr, hence to derive the corresponding surface densities we need an estimate of the galactic scale-length radius as a function of the baryonic mass. We calculate this quantity by means of the scaling relations by Mo, Mao & White (1998) . For each galaxy, we know the present day stellar mass M * . We assume that each galaxy is embedded inside an isothermal dark matter halo of
is the baryonic fraction in each halo. For this value, we use the recent WMAP (Spergel et al. 2007 ) estimate f b = 6. Each galaxy is modelled as a disk with a circular velocity Vc, which depends on the halo mass according to:
where G is the gravitational constant and H(z) is the Hubble parameter as a function of the redshift z, given by
where Ωm, ΩΛ and H0 are the mass density parameter, the vacuum energy parameter and the Hubble constant at z = 0. The disk is assumed to be thin and in centrifugal balance, with an exponential profile with central density Σ0 = Σgas + Σ * and an angular momentum which is a fraction f b of the angular momentum of the dark matter halo. It is easy to show (see Jimenez et al. 1998 ) that the scaling radius R d can be calculated as:
where λ is the spin parameter of the halo and depends on the total energy of the halo E, its angular momentum J and its mass M according to:
The quantity λ is likely to assume values in the range 0.01 ≤ λ ≤ 0.1 (Jimenez et al. 1998) . In this paper, we assume a typical value of λ = 0.05, in agreement with the results by e.g. Heavens & Peacock (1988) and Barnes & Efstathiou (1987) . We have checked that the assumption of a different value of this quantity n the range 0.01 ≤ λ ≤ 0.1 does not have a deep impact on the results discussed in this paper.
For each galaxy, if ψ is the SFR in units of M⊙/yr, the SFR surface density is then given by:
The gas surface density Σgas is then determined by the K98 relation, and the gas mass Mgas (in M⊙) is given by:
It may seem a weak point to assume a disk profile for all galaxies, especially for early-type galaxies. However, the main quantity in which we are interested is the scaling radius. We can easily check if the R d values achieved for earlytype galaxies are reliable of not, by comparing the predicted R d with the effective radii of early type galaxies as observed in the local clusters of galaxies. In our approach, the scaling radius R d depends only on the mass of the halo. For galaxies with blue luminosities † between 10 9 L⊙ and 10 11 L⊙, we predict scaling radii between 2kpc and 12kpc. In local clusters, Giuricin et al. (1989) found effective radii between ∼ 1kpc and ∼ 20kpc and isophotal radii between ∼ 2kpc and ∼ 30kpc for ellipticals in the same luminosity range. This means that our estimates for the scaling radii are likely to be underestimations, in particular for the most massive local ellipticals and early types in general. Since the gas mass is linked to the scaling radius via the relation:
an underestimation of the scaling radius implies an underestimation of the gas mass and of the gas fraction, in particular for the largest spheroidal galaxies. A second potential difficulty is that the analysis above assumes that the galaxy remains a single structure during its history, whereas the star formation history deduced from the fossil record makes no statement about where the stars were when they were formed. Hence a natural question to ask is how the process of merging affects these results. However, if we assume the scaling relation R d ∝ M 1/3 * holds for any subunits before merging, the final gas-to-star ratio is almost independent of the amount of merging which has taken place. To see this, let us assume that at some lookback time the observed galaxy was in several pieces i = 1, . . . n, each containing a fraction fi of the final stellar mass. If we assume the star formation rate is proportional to fi, then the gas mass in each sub-unit is proportional to (ψi/R
i , so the total gas mass is modified to
Since i fi = 1, we see that for any reasonable merging history, the gas mass is virtually unchanged. The assumptions we make here are certainly challengeable, but this calculation gives us confidence that the results are likely to be robust to the merger history. † The blue luminosity is estimated by dividing the stellar mass M * by the stellar mass to blue light ratio derived by Fukugita, Hogan & Peebles (1998, hereinafter FHP98) for local ellipticals and bulges, (M/L) B,E = 6.5M ⊙ /L ⊙ .
RESULTS

The evolution of the gas to stellar mass fractions
In figure 1 , we show the evolution of the gas to stellar mass ratio (G/S) calculated as described in section 3, as a function of the stellar mass for the MOPED galaxies at various lookback times. The dispersion of the calculated G/S is relatively small at a lookback time of 12 Gyr. The dispersion however remains large (the individual G/S span 6 orders of magnitude) up to the preset time. At any lookback time, the average G/S ratio decreases as the stellar mass increases in the stellar mass range 10 6 M⊙ ≤ M * ≤ 10 12 M⊙. Note that the highest mass bins (M * > 10 12 M⊙) are characterised by very few systems with a peculiar behaviour. In the last Gyr of evolution, our predictions indicate an increase in the average G/S ratios for the galaxies with stellar masses M * < 10 10 M⊙. This behaviour is in agreement with the downsizing picture of galaxy evolution, according to which the least massive systems formed the bulk of their stars (consuming most of their gas reservoirs) at recent times, whereas in the most massive galaxies the buildup of the stellar mass was complete several Gyrs ago. At the present time, we predict individual log(G/S) values between −4 and ∼ 1.5. This range of values is in agreement with existing local observational estimates for galaxies of various morphological types. The lowest estimates of G/S have been derived for local dwarf spheroidal galaxies and for large ellipticals. The gas-poorest dwarf spheroidal galaxies of the Local Group have upper limits on the atomic H to blue luminosity ratio of MHI /LB ∼ 0.001 (Mateo 1998) . These values correspond to log(G/S) ∼ −3.67, assuming a helium correction factor of 1.4 and a stellar massto-light ratio of (M/L)B,E = 6.5M⊙/L⊙ (FHP98). In local S0 and E galaxies, Sansom et al. (2000) observed values of MHI /LB down to ∼ 0.0001M⊙/L⊙, corresponding to log(G/S) ∼ −4.67. On the other hand, the largest gas reservoirs are observed in local irregular galaxies. Hunter & Elmegreen (2004) find for local irregulars MHI /LB up to ∼ 5M⊙/L⊙, corresponding to log(G/S) ∼ +0.8, assuming a helium correction factor of 1.4 and a stellar mass to light ratio of (M/L)B,irr ∼ 1M⊙/L⊙ for irregular galaxies (FHP98). These observational estimates are in very good agreement with the lower and upper extremes of the G/S values we derive for present-day galaxies.
Galaxies of the SDSS sample have been shown to split into two different populations, one composed of blue galaxies dominated by recent star formation episodes and another composed of red, passively-evolving early types (Strateva et al. 2001 , Blanton et al. 2003 . In figure 2a we show the calculated present day G/S values as a function of the stellar mass for these two different galactic populations, compared to the corresponding observational estimates by Kannapan (2004) . The estimates by Kannapan (2004) are based on photometric techniques. The atomic G/S are estimated using the u − K colours of ∼ 35000 galaxies from SDSS DR2 and 2MASS databases. This technique is calibrated by means of HI data from the HyperLeda HI catalogue. By means of her technique, Kannapan (2004) estimated individual log(G/S) values between ∼ −2 and ∼ 0.5. The G/S estimates are very reliable in the lowest mass bins but tend to represent overestimations in the largest mass bins (S. Kannapan, private Kannapan (2004) . The contour encloses the area where 92% of the galaxies with stellar masses 9 ≤ log(M * /M ⊙ ) ≤ 12 fall, after weighting each one by 1/Vmax, according to K04. The typical systematic error on the observational points is of 0.05 dex. The solid and open diamonds are the mean values computed in this paper for the red and blue galactic components, respectively. In this case, the red and blue populations consist of all the galaxies having formed more than the 60% and less than the 60% of their present-day stellar mass during the first 4 timesteps (i.e. in ∼ 11.4 Gyr), respectively. (b): Symbols are as in fig. 2(a) , with the difference that in this case the red and blue components are the galaxies with the E(B − V ) ≤ 0.01 and E(B − V ) > 0.01, respectively. communication). For this reason, here we compare the average G/S values computed considering only the galaxies with log(G/S) > −2.
In our sample, the red population consists of all the galaxies having formed > 60% of their present-day stellar mass during the first 4 timesteps, i.e. in ∼ 11.4 Gyr. We have tested also other possible choices but this one provides the best fit to the observational data.
The assumptions in the analysis are most robust for the blue sample, however, the overall agreement between our estimations and the observational estimates by Kannapan (2004) is good for all galaxies with stellar masses log(M * /M⊙) ≤ 11. For the most massive galaxies of the red population, we tend to underestimate the gas fractions. This is not surprising, since as stated above, the estimates by Kannapan (2004) are likely to represent overestimations of the actual values in particular in the highest mass bins. For the most massive galaxies of the blue population, we predict mean (G/S) higher than the ones determinded by K04 because of the fact that highest mass bins contain very few galaxies, some of which present very high gas fractions, considerably increasing the average G/S in these bins.
The study by Panter et al. (2007b, in preparation) shows that it is possible to split the SDSS galaxies into two populations on the basis of their colour excess E(B − V ), which expresses the amount of dust present in any galaxy. To disentangle between the blue and the red galactic populations, we tested also this criterium. In this case, the red and blue components are the galaxies with the E(B − V ) ≤ 0.01 and E(B − V ) > 0.01, respectively. The separation between blue and red appears less clear than in the former case. This shows that the colour excess is not a totally reliable diagnostic to disentangle between blue and red galaxies, being strongly dependent on the inclination causing overlapping between the two different populations (Calzetti 2001) .
In figure 2b , we present the predicted mean (G/S) values for the red and blue galaxy populations as compared to the observational data by K04, having determined the distinction between the two populations by means of their colour excess E(B −V ). The fit between our predictions and the data by K04 is worse than the one shown in Fig. 2a . In fact, in the case of Fig. 2b , the observed (G/S) are systematically underestimated by our predictions, in particular the data for the blue galaxy population.
Fractions of lost baryons in SDSS galaxies
For each galaxy, at each timestep ti we know the total baryonic mass Mtot(ti) = Mgas(ti) + M * (ti). We can compute the ejected or accreted mass as the difference between the total baryonic mass computed at two following timesteps ti−1 and ti, Mej = Mtot(ti) − Mtot(ti−1). This quantity may be positive or negative, where the latter indicates mass loss. We can use this information to compute the complete mass inflow and outflow histories for the galaxies of our sample. In Figure 3 , we show the computed evolution of the mean fraction of lost baryons f lost , defined as f lost = M ej M * +Mgas , as a function of the stellar mass for the SDSS catalogue.
The mean f lost values computed for large galaxies (log(M * /M⊙ > 11) do not show a strong evolution with time. This means that the outflow in large galaxies (log(M * /M⊙ > 11) is already complete at early times, i.e. that the most massive galaxies are the first ones to undergo mass loss, either via galactic winds or by means of interactions with the intergalactic medium or with other galaxies. On the other hand, the mean f lost values computed for smaller galaxies show a strong evolution with lookback time. In particular, in the range 6 ≤ log(M * /M⊙ < 11, the slope of the f lost -M * relation tends to increase with decreasing lookback time, and this indicates that the galaxies of low-est mass complete their outflows at the most recent times. This result is a confirmation of the predictions from chemical evolution models for elliptical galaxies (Matteucci 1994) , which showed that, in order to explain the increase of the [Mg/Fe] ratio with galactic mass, one has to assume that the efficiency of star formation is an increasing function of the galactic mass. The consequence of this is an "Inverse Wind" scenario of galaxy evolution, in which the most massive galaxies are the first ones to experience the galactic winds, whereas for the dwarf galaxies the winds develop at the most recent times.
As one would expect from the depths of the potential wells, we find very clear evidence that at the present day, the lower-mass galaxies have lost a larger fraction of their gas, as much as 60% for galaxies with a stellar mass of 10 6 M⊙. An analytical fit (solid line) to the present day f lost -M * relation is
valid for 6 < log(M * /M⊙) < 12.5. An increasing trend of ejected fractions with decreasing galactic mass is also confirmed by analytical and numerical single-burst models for dwarf galaxies (Mac Low & Ferrara 1999) . Our results are in good agreement with results from galactic chemical and chemo-dynamical models considering more complex star formation histories. By means of chemo-dynamical simulations, Recchi et al. (2002) showed that a dwarf galaxy of baryonic mass of ∼ 10 7 M⊙ undergoing multiple starbursts can eject up to ∼ 75% of its mass. Chemical evolution models for elliptical galaxies of masses between 10 9 M⊙ and 10 12 M⊙ predict decreasing ejected fractions, with values between 90% and 10 % (Gibson & Matteucci 1997 , Pipino et al. 2002 .
The shape and normalization of the present day f lost vs M * curve derived observationally in this study is in good agreement with theoretical predictions from chemodynamical models where only supernova feedback has been employed. While we cannot rule out that AGN feedback can be also at play with the present observations, it seems that supernova feedback alone is able to displace the observed amount of cold gas from the dark halo as a function of mass. This study does not exclude preheating (Mo et al. 2005 , Crain et al. 2007 , which prevents accretion of gas, but rather provides evidence of some process which has ejected gas from the cold phase after accretion.
The results of this paper have been obtained selfconsistently from the star formation history of the SDSS galaxies, in a way which should be robust to the degree of merging which has taken place. The star formation history is linked, via the Kennicutt law to the gas mass present at any time, and hence allows us to trace the net gas accretion/outflow. The metallicity history can be used to determine the metal outflow history, the lost metal fractions and the chemical enrichment of the inter galactic medium; this will the subject of a forthcoming paper.
CONCLUSIONS
In this paper, we used the Kennicutt (1998) relation, linking the surface star formation rate to the gas mass surface density, together with the scaling relations by Mo, Mao & White (1998) , linking the galactic scale-length radius to the baryonic mass, to recover the gas masses for ∼ 310000 galaxies of the SDSS DR3 sample. Our main conclusions can be summarised as follows. 1) We studied the time evolution of the gas to stellar mass fractions for all the galaxies of the SDSS catalogue. In the last Gyr of evolution, our predictions indicate an increase in the average (G/S) for the galaxies with stellar masses M * < 10 10 M⊙, in agreement with the the downsizing picture of galaxy evolution, where the most massive galaxies form the bulk of their stars at early times. At the present time, we predict individual log(G/S) values between −4 and ∼ 1.5. These lower and upper limits are in agreement with independent estimates of the (G/S) in the local gas poorest and richest galaxies, respectively. 2) We split the galaxy sample into a red and a blue population by means of two different criteria, i.e. the recent amount of star formation and the colour excess E(B − V ). The (G/S) calculated by adopting the first criterium are in good agreement with independent estimates based on photometric techniques (Kannappan 2004) , in particular for the galaxies with stellar masses log(M * /M⊙) ≤ 11. The adoption of the colour excess criterium implies instead a less clear distinction between the two galactic populations. 3) We computed the time evolution of the average fraction of lost baryons f lost , defined as f lost = M ej M * +Mgas as a function of the stellar mass for the SDSS catalogue. Our results strongly indicate that the outflow in large galaxies (log(M * /M⊙ > 11) is already complete at early times, i.e. that the most massive galaxies are the first ones to undergo mass loss. On the other hand, for smaller galaxies, the slope of the f lost -M * relation tends to increase with decreasing lookback time, meaning that the galaxies of lowest mass complete their outflows at the most recent times. Our results are in agreement with chemical evolution models for elliptical galaxies (Matteucci 1994) , pointing towards an "Inverse Wind" scenario for galaxy evolution, i.e. that the most massive systems are the first ones to undergo mass loss via galactic winds. Our results show clearly the "downsizing" character of the galaxy population. At the present day, we found very clear evidence for an increasing trend of ejected fractions with decreasing galactic mass. The lost fractions span from 10% for the highest mass galaxies (M * > 10 12 M⊙), up to 60% for the lowest mass galaxies (M * ≤ 10 6 M⊙).
